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The in vitro activity of azithromycin against enteric bacterial pathogens was determined by agar dilution.
Azithromycin was highly active against Campylobacter spp. (MIC for 90o% of strains tested [MIC9oJ = 0.125
,ug/ml) and against enterotoxigenic, enterohemorrhagic, enteroinvasive, and enteropathogenic Escherichia coli
(MIC90 = 2 ,ug/ml), ShigeUa spp. (MIC90 = 1 iLg/ml), and SalmoneUla spp. (MIC90 = 4 tig/ml), including
SalmoneUla typhi (MIC%0 = 1 ,ug/ml). On the basis of the in vitro activity of the drug against these organisms,
clinical studies of azithromycin in enteric diseases should be considered; the high intracellular concentrations
achieved by azithromycin may be particularly relevant for organisms like S. typhi, Campylobacter spp., and
Shigella spp. which typically invade cells as part of their infectious process.

Infectious diarrhea is a leading cause of death in develop-
ing countries, where it has its greatest impact in children less
than 5 years old. Estimates of fatalities in this population
exceed 4.5 million per year (33). In highly industrialized
countries, infectious diarrhea also causes significant morbid-
ity among children (leading to many hours lost from work
among parents) and among travelers to less developed
countries (13, 16). In addition, infectious diarrhea has been
shown to be a significant contributor to mortality among the
elderly, especially those who are institutionalized (22). Al-
though oral rehydration is the mainstay of treatment of
infectious diarrhea, in selected situations, such as with
severe systemic illness caused by invasive bacterial organ-
isms and during outbreaks, antibiotics can play a role in
curtailing morbidity, reducing mortality, and decreasing the
shedding and subsequent spread of organisms (31).
One of the major limitations to successful antimicrobial

therapy of bacterial enteric pathogens has been the progres-
sive emergence of resistance to these agents, particularly in
developing countries (25). Indeed, antimicrobial resistance
was recognized as an important clinical problem in the 1950s
when isolates of Shigella dysenteriae were observed to have
acquired resistance to all of the then available agents (sul-
fonamide, tetracycline, chloramphenicol, and streptomy-
cin). Similarly, the appearance of resistance to ampicillin,
trimethoprim, and trimethoprim-sulfamethoxazole followed
shortly after these agents were introduced into clinical use

(25). Currently, in some parts of the world, more than 80% of
some species of Shigella and Salmonella are resistant to
trimethoprim-sulfamethoxazole and to most or all of the
other useful oral agents (8, 10, 17, 21). Campylobacter spp.,
another important cause of more severe diarrhea, are char-
acteristically resistant to conventional antimicrobial agents
such as ampicillin and trimethoprim-sulfamethoxazole.
More recently, acquired resistance to erythromycin and
fluoroquinolones has been reported (1, 32, 34, 35); erythro-
mycin-resistant campylobacters have shown cross-resis-
tance to other macrolides (34).
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With the marked increase in antibiotic resistance among

enteric bacterial pathogens, it has become imperative to find
alternative effective antimicrobial agents. Among the oral
antimicrobial agents, the fluoroquinolones and oral broad-
spectrum cephalosporins are the only groups whose efficacy
against diarrheagenic species of the family Enterobacteri-
aceae has not yet been compromised by acquired resistance.
However, the former agents are not yet recommended for
use in pediatric patients because of articular cartilage dam-
age caused by these drugs in young animals, and the latter
agents are quite expensive. There is also concern that
extensive use of oral broad-spectrum cephalosporins in the
outpatient setting will select for derivatives of the wide-
spread TEM-like j-lactamases that can hydrolyze broad-
spectrum cephalosporins, as has been observed in the hos-
pital setting (26). Erythromycin is an old antibiotic which has
been used to a limited degree to decrease colonization and to
prevent infections caused by enteric gram-negative bacilli (2,
4). Although members of the Enterobacteriaceae are typi-
cally resistant to erythromycin (MIC, 2 to 256 ,ug/ml [2, 4]),
intestinal drug levels are higher than these MICs and oral
administration of erythromycin results in a marked decrease
in intestinal Enterobacteriaceae colonization (2-4). Roxi-
thromycin has also been shown to decrease counts of
gram-negative enteric bacilli (29). Use of erythromycin is
limited by frequent gastrointestinal side effects and, because
of the high MICs, would presumably not be useful for
treating infections caused by those members of the Enter-
obacteriaceae which invade beyond the intestinal lumen
(e.g., Shigella and Salmonella spp.).
Azithromycin, a new azalide recently approved for mar-

keting in the United States, has good in vitro activity against
Campylobacter spp. and has been shown to inhibit a limited
number of gram-negative enteric pathogens. To further
explore the possible usefulness of azithromycin for bacterial
diarrhea, we determined the in vitro activity of azithromycin
against bacterial enteric pathogens and compared these
results with those obtained with erythromycin, a related
macrolide commonly used to treat severe Campylobacter
diarrhea.
The bacterial isolates were from the culture collection at

the University of Texas Health Science Center at Houston;
the organisms were isolated from patients in Mexico, South
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TABLE 1. In vitro activity of erythromycin and azithromycin
against enteric pathogens

MIC (,ug/ml) of':
Organism Erythromycin Azithromycin

(no. of isolates)'
50% 90% Range 50% 90% Range

Campylobacter spp.
(19C) at:

pH 7.4 1 2 0.25-2 0.06 0.125 0.03-0.125
pH 8.0 0.5 1.0 0.25-2 0.06 0.125 0.06-0.125

ETEC (35) 16 32 2-256 0.5 2 0.5-8
EIEC (15) 8 16 8-16 0.5 1 0.25-1
EPEC (11) 16 32 8-32 1 2 0.5-2
EHEC (14) 8 16 8-16 1 1 0.5-2
Salmonella spp. (20) 32 64 16-64 1 4 1-4
S. typhi (16) 16 16 8-256 0.5 1 0.25-2
Shigella spp. (20) 16 16 4-64 1 1 0.5-1

a Abbreviations: ETEC, enterotoxigenic E. coli; EIEC, enteroinvasive E.
coli; EPEC, enteropathogenic E. coli; EHEC, enterohemorrhagic E. coli.

b 50% and 90%, MIC50 and MICg, respectively.
c Includes 17 C. jejuni isolates and 2 C. coli isolates.

America, Southeast Asia, and the United States over the
past decade and were identified to the species level by
routine biochemical tests. For presumptive identification of
enterotoxigenic Escherichia coli, enteropathogenic E. coli,
enteroinvasive E. coli, and enterohemorrhagic E. coli, pre-
viously described gene probes were used (9, 23, 27, 36).
Azithromycin was supplied by Pfizer Inc., New York,

N.Y., and erythromycin was obtained from U.S. Biochem-
ical Corp., Cleveland, Ohio. MICs were determined by agar
dilution using serial twofold dilutions in Campy blood agar
(Adams Scientific Inc., Sulphur, La.) at pH 7.4 and 8.0 for
Campylobacter spp. and in Mueller-Hinton agar (Difco
Laboratories, Detroit, Mich.) for all other isolates. Different
pHs were evaluated because previous studies have shown
marked variability in MICs of azithromycin against enteric
gram-negative bacilli in broth (7). An effect of pH on activity
might have clinical relevance for diarrheal disease since the
lower intestinal contents are typically alkaline. Bacteria
were inoculated from an overnight culture and adjusted to a
0.5 McFarland standard (28). A 1:10 dilution was made in
Mueller-Hinton broth, and an inoculum replicating device
(Steers) was used to apply a final inoculum of 104 CFU per
spot, as per standards of the National Committee for Clinical
Laboratory Standards (28). Inoculated plates were incubated
at 37°C for 18 h; plates inoculated with Campylobacter
cultures were incubated at 42°C in a Campy Pak (Becton
Dickinson and Co., Cockeysville, Md.) for 48 h. Control
organisms, including Staphylococcus aureus 29213, Strepto-
coccus (Enterococcus) faecalis 29212, and E. coli 25922,
were included with each set of isolates tested.
The MICs for 50% of strains tested (MIC50s), MIC90s, and

MIC ranges are shown in Table 1. The greatest activity of
azithromycin occurred against Campylobacter spp., with
50% of isolates inhibited by 0.05 ,ug/ml and 90% inhibited by
0.125 p,g/ml; results were the same at both pHs tested. In
comparison, erythromycin inhibited 50% of isolates at 1
,ug/ml and 90% of isolates at 2 ,ug/ml at pH 7.4 and was 1
dilution more active at pH 8. These results are consistent
with data previously reported for both drugs (19, 20) but
lower than the MICs found by Taylor and Chang (34). The
latter investigators, however, did not specify the pH condi-
tions of their test and specifically studied a large proportion
of erythromycin-resistant isolates. We did not encounter any

erythromycin-resistant isolates among our campylobacters,
but other organisms that are erythromycin resistant, includ-
ing the campylobacters tested by Taylor and Chang, are
cross resistant to azithromycin (14, 30, 34).
For enterotoxigenic, enteroinvasive, enterohemorrhagic,

and enteropathogenic E. coli, azithromycin was 8 to 10 times
more active than erythromycin, in keeping with the results
reported by Jones et al. for enterotoxigenic and enteroinva-
sive E. coli (18). Ninety percent of Salmonella spp. and
Salmonella typhi were inhibited by 4 and 1 ,ug of azithromy-
cin per ml, respectively. In the case of S. typhi, these results
agree with those of a previous report (24) which also
suggested that azithromycin might be a useful alternative in
selected cases of typhoid fever, since very high concentra-
tions of this antibiotic are achieved in phagocytic cells and
tissues (15). The efficacies of azithromycin in mice infected
with Salmonella typhimurium and as treatment of typhoid
fever in humans also support the possibility that azithromy-
cin has value as a therapeutic agent for enteric infections (11,
12). The MIC90 of azithromycin of 1 ,ug/ml for Shigella spp.
confirms previous data for these organisms (18, 30).
For all the gram-negative bacilli we tested, the MICs of

erythromycin were high (MIC90 . 16 ,g/ml), as would be
expected from previously reported data for Enterobacteni-
aceae (37). The MIC was .500 ,ug/ml for all organisms, and
thus these organisms are likely displaying the intrinsic resis-
tance typical of enteric gram-negative bacilli to erythromy-
cin (6). High-level resistance to erythromycin has been
reported among fecal isolates of Enterobacteniaceae from
cancer patients in a setting where erythromycin was widely
used to decrease gram-negative intestinal colonization (3).
This was due at least in part to a gene almost identical to
ermAM of gram-positive organisms (5). The erythromycin
MICs for these highly resistant organisms were >1,000
,ug/ml. Such organisms would likely be resistant to azithro-
mycin, as are erythromycin-resistant gram-positive cocci
and campylobacters (14, 30), but highly resistant isolates
were not encountered in our collection.

In this study, we have shown excellent in vitro activity of
azithromycin against the most common bacterial enteric
pathogens. The presence of high intracellular concentrations
suggests that this compound may have advantages over
standard therapies for invasive enteric organisms. The fact
that no organisms with high-level erythromycin resistance
(which would likely be cross resistant to azithromycin) were
encountered is encouraging since erythromycin has been
widely used for many decades in the outpatient setting. This
does.not mean that azithromycin resistance will not emerge,
but it at least shows that resistant enteric pathogens are not
common at the current time. Azithromycin represents a
particularly attractive potential alternative in the pediatric
population, since isolates resistant to antimicrobial agents
usually recommended for enteric infections are increasingly
common and since the fluoroquinolones are not usually
recommended for this age group. Further studies to define
the role of azithromycin in the management of bacterial
diarrhea may be warranted.

This study was supported by a grant from Pfizer Inc.
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